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Tht* dPcorui annual IliRhl 8t*rvict* ropnrl waa prepared in compliance with the 
requirementH of contract NASl-1 ItitiH and coverB the fliKht-service experience of 1 10 
({raphite-epoxy spoilers on 737 transport aircraft and related Kround-based 
environmental exposure of Kraphite-epoxy material specimens for the period from April 
1975 through March 1970. Four spoilers have been installiHl on each of 27 aircraft 
representing seven major airlines operating throuKitout the world A flight service 
evaluation program of at least 5 years duration is underway. As of February 29, 197K, a 
total of .503 7H7 spoiler flight-hours and 788 440 spoiler landings had been accumulated 
by this fleet Kased on visual, ultrasonic, and destructive testing, there has been no 
evidence of moisture migration into the honeycomb core and no core corrosion. Tests of 
removed spoilers and cf ground-based exposure specimens after the second year of 
siTvice indicate modest changes in composite strength. 


II 


Two advanced-design, all-composite spoilers were introduced into the program 
beginning December 18, 1975. Ten additional installations are planned. 


K¥y Worth hy Author (II > 


tB 


Dtilnhutron 


Graphite-epoxy 
('omposite spoiler 
Knvironmental exposure 


ID 


bounty 


(of thil rtpottt 


20 


Unclassified-unlimited 


Sn-iiniv ClMtil lol Ihit 


21 No otP*qn 


27 


Unclassified 


Unclassified 


29 


Pnr»* 


*^or Mttf by tht Ntfron*! T»chnir«l lnform«noM Setyit'v Sfvingfteid. ?2fbl 




















FOREWORD 


ThiH ii thi> H«‘Cond proKreKH report on the itervice evaluation of graphite-epoxy flight 
HpoilerH for 737 aircraft. Thix effort has h<.t.n conducted um a portion of NASA contract 
NAS1-I16HH, "A Study of the KffecU jf Long-Term Ground and Flight Knvironment 
* KxpoHure on the Behavior of Graphile-Kpoxy Spoilera." The program ix xtructurc'd to 

gather and evaluate actual commercial xervice experience on a large number of 
graphite-epoxy xpecimenx in a wide range of operating environmentx. Additi'.iial annual 
» reportx will be prepared and xubmitted for the duration of the flight-rervice period, 

which ix intended to provide at least 5 yearx of flight service. 

The program ix administered by the Langley Research Center of the National 
Aeronautics and Space Administration. Mr. Richard Pride of the Materials Division is 
the technical monitor. 

The program is being conducted at the Boeing Commercial Airplane Company by 
Robi>rt L. Stoecklin, technical leader, under the direction of J. E. McCarty, program 
manager. 
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TAl (JKAI'MITK (OMfOSITK KU<;HT SI'OILKK 

klkjut skkvick kvaluation 


Ki>b«-rt L. StiMH'klin 

HofinK Comim-rt'ial Airpliim* Company 


pko(;kam summary and status 


Thia Hccoml annual fliKht-Horvito roport is Hubmittfd in arcorcJunce with tho 
miuiromontB ol' contract NASl*llb(»M and covctH the Kcrvict’-evaluation |>ortion of thiH 
NASA contract for the period of April 1, 1975 throUKh March 31, 197H. SeKmenta of the 
data contained herein have appeared in previoua documentation. (Ref, 1.) 

A primary obj«>ctive of thia program ia to produce 1 14 graphite- epoxy 737 flight apoilera 
for laboratory testing and service- evaluation deployment. One spoiler of each of the 
three different graphite-epoxy material aystema ua«*d has been laboratory tested for 
stiffness and strength in partial fulfillment of FAA certification requirements. Four 
spoilers were initially installed on each of 27 aircraft representing six major airlines 
operating in different environmental circumstances. These units will be monitored 
under actual load and environmental conditions for a period of at least 5 years. Selected 
units are removed periodically to evaluate any material degradation as a function of 
time. Six environmental exposure rucks have been fabricated and positioned at major 
airport terminals of the participating airlines in various parts of the world to gather 
ground-based environmental data to support the flight data gathered from the spoilers. 

An additional objective of this program is the fabrication, certification, and deployment 
of 12 advanced-design, all-composite spoilers which are physically interchangeable with, 
and can be substituted for, the graphite-epoxy spoiler units deployed in the primary 
portion of this program. These 12 units are intended to participate in the flight-service 
program to the maximum extent possible and no removals are .scheduled. 

All information regarding the fabrication, processing, and developmental testing of the 
all-composite spoilers leading to FAA certification will be documented in the 
manufacturing and test report generated within this program. All information relative 
to the flight-service program involvement will b»* documented within this reporting 
system. 

Significant events that have occurred during this period include: 

• Completion of the second annual inspection of the spoilers in .service. 

• Completion of the spoiler repair program initiated last year. 

• Certificatio'. and deployment of the first all-comp«.rti(e spoilers. 


• ronlinuatioii nf the Nl)l itaiiipliriK pniKrain and Htatic-trtttiiiK of ttpoitiTH frian thi 
(1i)(ht-M>rviic pr<>t{rain 

• Kkpanxiiin ol thi- (1i»(ht-M‘rvii’«' prn^ram to im lud<- Krontn-r AirlitifM 

Ai* of Kobruary 29, l')7ti. a total of TitKI 7H7 upoilfr Hinht-hour* and 7 Mh ; i*> upoili-r 
landiiiKH had hocn atcumulalod by the l1c«*t Tbi hiKH tinii< xpoilcr ban airurnulati'd 
r>H2H niKbt-hourn on Ib'utHcht' LuftbanHu Airlini'n 7.'I7 D-AHKN I'birty-Hix npoib-rH have 
aiTumulati'd in t-xtonn of r)0(IO flight-bourn nine*- tho la-KinninK ol tin- IliKht-niTvici' 
program 

Mased on the pontnervin* itinpoctionn, tbi>r<> ban b«‘cn no <>vidi>ni'4- of naunturr migration 
int<i tb«‘ boni*yi'otnb (‘on* and nii t’on* cornmion Two I'xantplcn ol corronion of aluminum 
cdt{(‘ niimibi-rn have boon dini'ovcrod, but thin problom d(M>n not appoar to bo K*‘ni‘rally 
provalont 

Failuro loadn for npoilorn in laboratory to^tinK afl4-r 2 yoarn of llight-horv iro nhow 
niKniruantly lonn doKradation than wan nhown aftor I yoar of flight norvico. Tontn of 
additional ground- baio'd t-xposun- npocimonn havo boon doforrod until tho third y«-ar of 
tho pro^cram in antiripation of oxtondinK tbo K<'ound-banod data cidlortion boyond 
r> yoars. 

A total of 29 npoilorn havo nunlainod innorvico damuKt*. principally an a ronult of tho 
actuator intorforonco problom proviounly idontifiod in rof. 1 No furtbor 
maintonanco-rolatod daina^o ban occurrod in tho pant yoar All ropair activity ban boon 
completed and tho repaired spoiler panoln returned to tho niKht-st*rvico program A 
total of 100 tusk I spoilers are currently in tho flight-service program 

Initial deployment of tho tusk II all-composite spoilers occurrod on December IH. I075 
in Honolulu when Aloha Airlines installed the first spoiler panel on N7.'I711 Addi.e al 
deployments i2 panels per participating airlmei are in process. 

Two examples of exfoliation corrosion in the aluminum spur have occurred with om* 
operator A lleet-wide surv»‘y has not uncovered additional corrosion Preliminary study 
does not identify the presence of the graphite lan'iinates us responsible for the corrosion. 

Airline participation interest in the program continues at an enthusiastic level. 

FLIGHT SKRVICK KXPKRIENCK 


The service-evaluation program was established to place the 7.'I7 graphite-epoxy flight 
spoilers into a commercial service environment containing as many climatic variables 
as possible The six participating airlines previously identified (refill have been 
realigned by the additirn of Frontier Airlines (Denver) in place of Pacific Southwest 
Airlines (PSA) by virtue of the sale of PSA’s one remaining participating aircraft to 
Frontier. Frontier will outfit •» second aircraft when they receive two task II 
all-composite .spoilers. The current participating airlines are; 


• Now Zfaland National Airwaya-four Hhipnctii ( Ui Hpoilera) 

• Aloha Airlinea-four ahipHota ( IH apoiliTH) 

• DfUtai'ho Lufthanaa Airlniea-aix HhipartH (24 Hpoileral 

• Piedmont Airlinra-eiKht ahipHeta (32 apoileral 

• VASP Airlinea (Bruzili-four ahipaHN ( Ih hpoilcrai 

• Frontier AirlincH-one aircraft (4 apoilerai 

The Ki*"K>'aphic f^op«> of the M>rvire-evali!ation proKram ia thua miMiified aa ahown in 

fiKure I. 



Figure 1.— Geographic Deploynwnt of Current Participating Airlines 
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FUCillT KXPKKIKNl'K 


Thf (liKht M*rvii-f-<'val nation proKram. in opiTation «inrt> July 1H, 1H73, hai« achiovi-U an 
«‘Xi'i>ptionul of comm«*rrii;l HiTvirt* oxpoaun* of Kraphite-opoxy xirurtural aircraft 

coni|)oncntH, in the form of the 737 fliKht spoiler. The program haa K<‘nerated over half a 
million fliKht-hoiira of ia*rvice in its 2.7 yeara of op -ration, and ia addinit n«'|{ht 
exp«‘rienre at the rate of nearly 2(MM)0 houra per month. 

The total fliKht experience to Kehriiary 29, I97H, ia detailed in table I, with the 
breakdown by the apoiler renal numta-r. Keinatallationa are treated aa a aeparate line 
item in thia aummary. Note that each of the Krup^itc-' poxy material ayatema ia 
deaiKiiated by a aeparate block of aerial numbera: 

• Union ('arbide T.300 2.'>44; (HMM to (M)3H 

a Narmco T3()(l .5209; 0041 to 007H 

a Herculea AS .3.501: (M)HI to 01 1 H 

The material ayatem utilized in the taak II all compoaite apoiler akina ia Union ('arbide 
T300P1700 polyaulfone thernioplaatic reain. The aerial numb<*ra aaaociated with the 
apoiler panela are 0301 throuKh 0320. 

Table 2 aunimarizea the aame data by airline. V'ASI’ and Frontier data include only 
fliKht experience aince acquiaition of the reapective aircraft from PSA. 


SPOILER REMOVALS 


The apoiler removals diacuaaed in the first annual report (ref. 1) have continued into 
this reportinK period. The akin blister problem continued to manifest itself until all of 
the 10-H0779-182 actuator rod-ends were replaced with 10-H0779-17.5 rod ends (ref. 2). A 
total of 41 spoilers have been returned by the participatinK airlines since the first 
installation 2.7 years aKo. A breakdown of the reasons for removal shows: 

24 spoilers (,59'y i returned for rod-end blister problem 

1 1 spoilers (27'? i returned for scheduled evaluation test 

.5 spoilers (12^ I returned for maintenance damaKe 

1 spoiler (2*? I returned as surplus (replaced by task II) 

Table 3 lists each of (he recordinl removals and the disposition associated with the 
removal. The last blister repair was completed on December .5, 197.5 and no subsequent 
reports of this problem have b«H*n received. 
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Table t.-Spoii< r Service Evaluation Program (As of February 29, W76) 


Spoiler 

serial 

numiNtt 

Airline* 

Mriurt 

at 

installation 

Landings 

at 

installation 

Current 

hours 

Current 

tanrtiirgs 

Net 

hours 

Net 

landings 

0001R 

PI 

5 681 

3 056 

10 000 

9 631 

4319 

6 575 

0002 

Test 

- 


- 


- 


0003 

PSA 

8 095 

12 842 

9018 

14 379 

923 

1 537 

0003 

VASP 

9018 

14 379 

13 280 

19 252 

4262 

4 873 

0004 

PSA 

8 161 

12 965 

9018 

14 379 

923 

1 537 

0004 

VASP 

0018 

14 379 

13 280 

19 252 

4262 

4 873 

0005 

PSA 

8 095 

12 842 

9018 

14 379 

923 

1 537 

0006 

VASP 

9018 

14 379 

13 280 

19 252 

4262 

4 873 

0006 

PSA 

8 161 

12 965 

9018 

14 379 

923 

1 537 

0006 

VASP 

9018 

14 379 

13 280 

19 252 

4262 

4 873 

0007 

NZ 

10 861 

15 053 

16 279 

22 295 

5418 

7 242 

0008 

NZ 

10 861 

15 053 

16 279 

22 295 

5418 

7 242 

0009 

NZ 

10d61 

15 053 

16 147 

22 112 

5286 

7 059 

0010 

NZ 

10 861 

15 053 

16 279 

22 295 

5418 

7 242 

0011 

LH 

11 274 

15681 

16 902 

22 735 

5628 

7 054 

0012 

LH 

11 274 

15681 

14 694 

19 964 

3420 

4 283 

*’0012 

LH 

15 148 

20 528 

15 793 

21 324 

645 

796 

•'0012 

LH 

15 940 

21 518 

16 902 

22 735 

962 

1 217 

0013 

LH 

11 274 

15681 

16 902 

22 735 

5628 

7 054 

0014 

LH 

11 274 

15681 

13 320 

18216 

2055 

2 535 

0015 

PSA 

8 651 

13 711 

9 399 

14 936 

748 

1 225 

0015 


9 399 

14 936 

11 689 

17 594 

2290 

2 658 

'*0015 


13411 

19 607 

13 583 

19 795 

172 

188 

0016 

PSA 

8 651 

13 711 

9 399 

14 936 

748 

1 225 

0016 

VASP 

9 399 

14 936 

13 583 

19 795 

4184 

4 859 

0017 

PSA 

8 651 

13 711 

9 399 

14 936 

748 

1 225 

0017 


9 399 

14 936 

12 432 

18474 

3033 

3 538 

^0017 


13411 

19 607 

13 583 

19 795 

172 

188 

0018 

PSA 

8 651 

13 711 

9 399 

14 936 

748 

1 225 

0018 


9 399 

14 936 

11 689 

17 594 

2290 

2 658 

‘’0018 


13411 

19 607 

13 583 

19 795 

172 

188 

0019 

LH 

11 200 

14 884 

16 700 

21 784 

5500 

6 900 

0020 

LH 

11 200 

14 884 

16 700 

21 784 

5500 

6 900 

0021 

LH 

11 200 

14 884 

14 653 

19211 

3453 

4 327 

'*0021 

LH 

15 425 

20 178 

16 700 

21 784 

1275 

1 606 

0022 

LH 

11 200 

14 884 

16 700 

21 784 

5500 

6 900 

0023 

Aloha 

9 207 

24 932 

13 943 

37 810 

4736 

12 878 

C024 

Aloha 

9 207 

24 932 

10 974 

29 694 

1767 

4 762 

‘’0024 

Aloha 

12071 

32 691 

13 943 

37 810 

1872 

5 119 

0025 

Aloha 

9 207 

24 932 

12 964 

35 165 

3757 

10 233 

0026 

Aloha 

9 207 

24 932 

12071 

32 691 

2864 

7 759 

‘’0026 

Aloha 

8 287 

14 823 

9 370 

17 739 

1083 

2916 

0027 

PI 

12 329 

20 204 

17 216 

27 717 

4887 

7 513 

0028 

PI 

13 747 

22 449 

16 387 

26 396 

2640 

3 947 

‘’0028 

PI 

17 201 

27 6/0 

19016 

30 487 

1815 

2817 


See footnotes at end of table. 
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Table t iContitumll 


Siioilet 

serial 

iiuinlier 

Airline* 

Huo'i 

at 

irntallatiori 

Landings 

at 

installation 

Curre t 
he • 

Current 

landing! 

Net 

huurs 

Nat 

laiufings 

f)0?9 

PI 

12 329 

20 204 

1/216 

27 717 

48H7 

7 513 

0030 

PI 

13 747 

22 449 

19016 

30 487 

5269 1 

8 OM 

0031 

PI 

13 747 

22 449 

19016 

30 487 

5269 

8 038 

0032 

PI 

12 320 

20 204 

14 411 

23 348 


3 144 

*’0032 

Pl 

15 269 

24 624 

17 216 

27 717 

1957 

■Mil 

0033 

PI 

13 747 

22 449 

19016 

30 487 

5269 1 

■Bll 

0034 R 

PI 

12329 

20 204 

17 216 

27 717 

4887 

7 513 

0036 

PI 

5 681 

3 056 

7 6/3 

5 964 

1992 

2908 

*’0035 

PI 

8 542 

7 300 


9631 

1458 

2 331 

0036 

PI 

5 681 

3 056 


5 945 

1982 

2 889 

*’0036 

Pi 

8 542 

7 300 


9 631 

1458 

2 331 

0037 

PI 

5 681 

3 056 

10 000 

9 631 • 

4319 

6 575 

0038 

Alobi 

:i 340 

30 745 

13 865 

37 711 

2525 

6 966 


170 245 

257 0/0 

0041 



- 




- 

0042 


5 003 

8 092 

9 600 

1C 525 

4597 

8 433 

0042 


9 600 

16 525 

10 565 

1 7 5( -7 

925 

982 

0043 


1 093 

8 068 

9 600 

16 525 

4607 

8 457 

0043 

FL 

9 600 

16 525 

10 565 

17 507 

925 

982 

0044 

PSA 

bi303 

8 092 

9 600 

16 525 

4597 

8 431 

0044 

FL 

9 600 

16 525 

10 565 

17 507 

925 

982 

0045 

PSA 

4 993 

8 068 

6 896 

11 280 

1902 

3 212 

*’0045 

FL 

10 064 

16 998 

10 565 

17 507 

501 

509 

004R 

loba 

6 447 

9 087 

10 400 

19 476 

3953 

10 389 

0047 

Aloha 

6 447 

9 087 

10 256 

19 089 

3809 

10 002 

' 0048 

Aloha 

6 447 

9 087 

5 103 

16 022 

2655 

6 935 

*’0048 

Aloha 

8 287 

14 823 

9 370 

17 739 

1083 

2 913 

0049 

Aloha 

6 447 

9 087 

10 400 

19 476 

3953 

10 389 

0050 

NZ 

10 539 

14 075 

15 771 

21 303 

5232 

7 228 

0051 

NZ 

10 539 

14 07a 

15 953 

21 538 

5414 

7 463 

0052 

NZ 

10 539 

14 0 /5 

14 057 

18 964 

3518 

4 889 

*’0052 

NZ 

14 707 

19 835 

15 953 

21 538 

1246 

1 703 

0053 

NZ 

10539 

14 075 

13 138 

17 747 

2599 

3 672 

0054 

LH 

11 152 

15 328 

16 712 

22 344 

5560 

7016 

0055 

LH 

11 152 

15 3.'B 

16712 

22 344 

5560 

7 016 

0056 

LH 

11 152 

15 328 

16 712 

22 344 

5560 

7016 

0057 

LH 

11 152 

15 328 

15 633 

20 997 

4481 

5 669 

0058 

PSA 

8 476 

13 644 

9 402 

15 241 

926 

1 597 

0058 

VASP 

9 402 

15241 

13 393 

19816 

3991 

4 575 

0059 

PSA 

8 476 

13 644 

9 402 

15 241 

926 

1 597 

0059 

VASP 

9 402 

15 241 

10 900 

17 164 

1498 

1 923 

*’0059 

VASP 

13 181 

19621 

13 393 

19816 

212 

195 

0060 

PSA 

8 476 

13 644 

9 402 

15241 

926 

1 597 

0060 

VASP 

9 402 

15241 

13 393 

19816 

3991 

4 575 

0061 

PSA 

8 476 

13 644 

9 402 

15241 

926 

1 597 


See footnotes it end of table 
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Tjltle 1 (ContmimU 


SfHjilei 

serial 

niimlier 

Airline'* 

Hours 

at 

installation 

Landings 

at 

installation 

Current 

hours 

Current 

lanilinqs 

Net 

hours 

Net 

landinqs 



9 402 

15241 

13 393 

19816 

3991 

4 575 

0062 

BOH 

11 450 

15 759 

16 /!)« 

22 483 

5349 

6 724 

0063 

HSH 

11 450 

15 759 

16 799 

22 •)83 

5349 

6 724 

0064 

HSH 

11 450 

15 759 

1C 799 

22 483 

5349 

6 724 



11 450 

15 759 

16 799 

22 483 

5349 

6 724 

0066 


10 787 

14 648 

14 18>t 

19 120 

3397 

4 472 

'’0066 


14 602 

196/8 

16072 

21 796 

1470 

2 118 

0067 

NZ 

10 787 

14 648 

16072 

21 796 

5285 

7 148 

0068 

NZ 

10 737 

14 648 

16 072 

21 796 

5285 

7 148 

0069 

NZ 

10 787 

14 648 

16072 

21 796 

5285 

7 148 

007C 

PI 

13 908 

22 649 

19 194 

30 899 

5286 

8 250 

0071 

PI 

13 908 

22 649 

19 194 

30 890 

5286 

8 250 

0072 

PI 

13 908 

22 64P 

19 194 

30 809 

5286 

8 250 

0073 

•>1 

15070 

24 63) 

19 243 

31 043 

<«173 

6413 

0074 

PI 

13 908 

22 649 

19 194 

30 899 

5286 

8 250 

0075 

PI 

15070 

24 630 

19 243 

31 043 

4173 

6413 

0076 

PI 

15 070 

24 630 

19 243 

31 043 

4173 

6413 

0077 

PI 

15070 

24 630 

19 243 

31 043 

4173 

6 413 

00 7» 

Aloha 

9 343 

25410 

11 340 

30 728 

1997 

5318 

VJ78 

Alohd 1 9 103 

16 022 

10 400 

19 476 

1297 

3 454 

Sub totals 

174 237 

268 878 

0081 

Test 


ma/m 

■■■ 




0082 

LH 

11 560 



26 211 

5440 

9 249 

0083 

LH 

11 560 



22 013 

3726 

5 051 

'*0083 

LH 

16 901 

26 080 

■hi 

26 211 

99 

131 

0084 

LH 

11 560 

16 962 

15 286 

22 013 

3726 

5 051 

•’0084 

LH 

16 576 

25 672 

17 000 

26 211 

424 

539 

0086 

LH 

11 560 

16 962 

15 896 

23 901 

4336 

6 939 

'’008b 

LH 

16 901 

26 080 

17 000 

26 211 

99 

131 

0086 

NZ 

5 587 

8 565 

11 065 

15 961 

5478 

7 396 

008/ 

NZ 

5 587 

8 565 

9516 

13 797 

3929 

5 232 

'’0087 

NZ 

10 647 

15 393 

11 065 

15 961 

418 

568 

0088 

NZ 

5 587 

8 565 

9 516 

13 797 

3929 

5 232 

'’0088 

NZ 

10 647 

15 393 

11 010 

15 961 

418 

568 

0089 

NZ 

5 587 

8 565 

7 272 

10 794 

1685 

2 229 

'’0089 

NZ 

8 771 

12 820 

11 065 

15 961 

2294 

3 141 

0090 

Aloha 

5 623 

7 992 

6 788 

10 937 

1165 

2 945 

'’0090 


11 344 

30 728 

13 865 

37 71 1 

2521 

6 983 

0091 


5 623 

7 992 

8 287 

14 823 

2664 

6 831 

'’0091 


12 964 

35 165 

13 943 

37 810 

979 

2 645 

0092 

Aloha 

5 623 

7 992 

9 370 

17 739 

3747 

9 747 

0093 

P' 

13 879 

22 839 

16 461 

26 759 

2582 

3 920 

'’0093 

PI 

17 333 

28 122 

18 878 

30 545 

1545 

2 423 

0094 

Pi 

13 879 

22 839 

16 461 

26 759 

2582 

3 920 

*’0094 

PI 

1 7 3'*3 

28 122 

18 878 

30 545 

1545 

2 423 


Soo footnotes at end of table 
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Tahl 0 f,-(CofM:/ude(0 


Stroller 

serial 

iHimIter 

Airline* 

Hours 

at 

installation 

LarKlintp 

at 

installation 

Current 

hmirs 

Current 

lanriings 

Net 

hours 

Net 

lanrlin«}s 

009S 

Pi 

13 879 

22 839 

■Oil 

mjKgm 

4999 

7 706 

0096 

PI 

13 879 

22 839 

■ffll 


4990 

7 706 

0007 




HM 




0008 

Aloha 

9 244 

25 150 


37 711 

4621 

12 561 

0090 

PI 

10 290 

15517 

mSBM 

23 564 

5247 

8 047 

0100 

PI 

12 641 

20 584 

17 546 

28 117 

4905 

7 533 

0101 

'’1 

10 290 

15517 

15 537 

23 564 

5247 

8 047 

0102 

Pi 

10 290 

15517 

15 537 

23 564 

5247 

8 047 

0103 

PI 

12641 

20 584 

17 546 

28 117 

4905 

7 633 

0104 

Aloha 

9 244 

25 150 

11 340 

30 745 

2096 

5 596 

01C& 

Aloha 

9 244 

25 150 

9 343 

25 410 

90 

260 

*’0106 

Aloha 

6 916 

11 247 

8 287 

14 823 

1371 

3 576 

Oioe 

Aloha 

5 623 

7 992 

9 370 

17 739 

374 7 

9 747 

0107 

Aloha 

9 244 

25 150 

<3 865 

37 711 

4621 

12 561 

0108 

PSA 

8 621 

13 711 

9 568 

15 160 

947 

1 449 

0108 

VASP 

9 568 

15 160 

13 605 

19 884 

4037 

4 724 

0100 

PSA 

8 621 

13 711 

9 568 

15 160 

947 

1 449 

0109 

VASP 

9 568 

15 160 

12 i74 

18313 

2606 

3 153 

0110 

PSA 

8 621 

13 711 

9 568 

15 160 

947 

1 449 

0110 

VASP 

9 568 

15 160 

13 605 

19 884 

4037 

4 724 

on: 

PSA 

8 621 

13 711 

9 568 

15 160 

947 

1 449 

0111 


9 568 

15 160 

12 174 

18313 

7606 

1 153 

‘*01 1 1 


13 369 

19 647 

13 605 

19 884 

236 

237 

0112 

LH 

i 1 r,87 

16011 

15 179 

20 569 

3592 

4 558 

'*0112 

LH 

16 309 

21 974 

16 761 

22 542 

452 

568 

0113 

LH 

1 1 587 

16011 

16 761 

22 542 

5174 

6 531 

0114 

LH 

11 587 

16011 

14 601 

19 849 

3014 

3 538 

‘*01 14 

LH 

i5 179 

20 569 

16 761 

22 542 

1582 

1 973 

0115 

LH 

11 587 

16011 

16 761 

22 542 

5174 

6 531 

0116 

PI 

10 290 

15517 

15 537 

23 564 

5247 

8 047 

0117 

PI 

12641 

20 584 

17 546 

28 117 

4905 

7 533 

0118 

Pi 

12641 

20 584 

17 546 

28 117 

4905 

7 533 

Suh- total 

158 790 

261 112 

Total Task 1 

503 272 

787 060 


Task II All'Campotitfl Spoilvrs 


0306 

Aloha 

13 572 

36 811 

13 941 

37 810 

371 

999 

0307 

Aloha 

10 256 

19 9 

10 400 

19476 

144 

387 

Total Task li 

515 

1 386 

Grand Total (Task 1 & Task II) 

503 787 

788 446 


'*PI is Piedmpnt Airlines. 

VASP is Viacao Aerea Sao Paulo Airlines. Brazil. 
NZ is New Zealand National Airways. 

LH is Lufthansa German Airlines. 

FL is Frontier Airlines 
^’Reinstallation 
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Tat)l 0 2.- Flight Spoiler Service Experience (Throng February 29, 1976) 


Airline 

Total 

ipoiler 

houri 

Total 

ipoiler 

landingi 

PSA 

29 870 

51 747 

Alo^a 

64 982 

173 487 

New Zealand 

78 422 

106 140 

Lufthania 

118 961 

154 276 

Piedowni 

161 186 

232 333 

VASP 

66 566 

65 603 

Frontier 

3 2/6 

3 455 

Totali 

50? 7 -2 

787 060 

Grand fotaii 

503 787 

788 466 


Talk II 
all i.om|H>iile 

Total 

ipoiler 

houri 

Total 

ipoil''r 

lanrlingi 

0 

0 

515 

1386 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

510 

1386 


Spoiler count (Teik I only) 


Out Out Dt«lrove<> 

lor tor in italic 

repair evaluation tell 






























ORHilNAi: PAGE lb 
OF POOR QUALITY 


T.ihle 3 Flight Spoiler Removal SummarY (As o' Fehruary 23, 19/6) 


StKiilvr 

Mridl 

iiuml'ei 

— 
AltlllM? 1 

Date 
1 amoved 

Reason for 
removal 

Ar.tlOn 

taken 

Final 

disposition 

OOO^i 

NZ 


Spar corrosion 

Analyze only 

Await disp 

0012 

Lutthaiuj 


Upper skin blister 

NOT & repair 

Reinstulleil 

0014 

Luftharud 

7 29 74 

1 yr evaluation 

NOT & repair 

Static test 

0015 

VASP 

6 1 J 75 

Upssei Skin Blister 

NOT & repair 

Reinstallerl 

0017 

VASP 

9 2! 75 

d yr evaluation 

NOT 

Reinstalled 

0018 

VASP 

5 13 75 

U(H>:tr skin blister 

NOT A repair 

Reinstalled 

0021 

Lufthansa 

3 29 76 

Uptier .L.r. blister 

NOT & repair 

Reinstalled 

0024 

Aloha 

7 11-74 

Upper skin blister 

NOT A repair 

Reinstallerl 

0025 

Aloha 

8 18 75 

2 yr evaluation 

NOT 

Static test 

0026 

Aloha 

2 25 75 

U|>per skin blister 

NOT A repair 

Reinstalled 

0028 

Piwimoni 

2 24 75 

1 yr evaluation 

NOT 

Reinstalled 

0032 

Piedmont 

1 28 75 

Upi>er skin blister 

NOT A repiar 

Reinstalled 

0035 

Piedmont 

4 18 75 

Upper skin blister 

NDT A res'dir 

Reinstalled 

0036 

Piedmont 

4 16 75 

Upper skin blister 

NOT A repiar 

Reinstalled 

0045 

PSA'Frontier 

7 14 74 

1-yr evaluation 

NDT 

Reinstalled 

0047 

Aloha 

1-7 76 

Replaced by Task II 

NDT 

Await reinst 


Aloha 

2 26 75 

Upfser skin blister 

NDT A repair 

Reinstalled 

BSE 9 

NZ 

1-28 76 

S|>ar corrus i 

Analyze only 

Scrapized 

0062 

NZ 

2 27 75 

Upper skin blister 

NDT A repair 

Reinstalled 

0053 

NZ 

9 24 74 

1 yr evaluation 

NDT 

Static test 

0057 

Lufthansa 

9 7 75 

2 yr evaluation 

NDT 

Static test 

0059 

VASP 

M4 75 

Upper skin blister 

NDT A repair 

Reinstalled 

0066 

NZ 

2 27 75 

Upper skin blister 

NDT A repair 

Reinstalled 

0078 

Aloha 

10 24 74 

Upper skin blister 

NDT A repair 

Reirtstalled 

0083 

Lufthansa 

1 7 75 

Maintenance damage 

NDT A repair 

Reinstalled 

0084 

Lufthansa 

5 1/76 

Upper skin blister 

NDT A repair 

Reinstalled 

0085 

Lufthansa 

94 75 

2-yr evaluation 

NDT 

Reinstalled 

008/ 

NZ 

6 11-75 

Upper skin blister 

NDT A repair 

Reinstalled 

0088 

NZ 

6 11 75 

Upper skin Itlister 

NDT A repair 

Reinstalled 

0089 

NZ 

6 21 74 

Maintenance damage 

NDT A repair 

Reinstalled 

0090 

Alohp 

52-74 

Upper skin blister 

NDT A repair 

Reinstalled 

0091 

Aloha 

5 16 75 

Upper skin blister 

NDT A repair 

Reinstalled 

0093 

Piedmont 

4 1-75 

Upper skin blister 

NDT A repair 

Reinstalled 

00 j4 

Piedmont 

4-1-75 

1 yr evaluation 

NDT 

Reinstalled 

0104 

Aloha 

10 25 74 

1-yr evaluation 

NDT 

Static test 

0105 

Aloha 

10 17-73 

Upper skin blister 

NDT A repair 

Reinstalled 

0105 

Aloha 

5 16 75 

2nd upper skin blister 

NDT A repair 

Scrapped 

0109 

VASP 

7 29 75 

2-yr evaluation 

NDT 

Static test 

0111 

VASP 

7 29 76 

Upper skin blister 

NDT A repair 

Reinstalled 

0112 

Lufthansa 

6 20 75 

Maintenance damage 

NDT A repair 

Reinstalled 

0114 

Lufthansa 

3 9 76 

Upper skin blister 

NDT A repair 

Reinstalled 
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ORIOINAC PAGE Ib 
OP POOR QUALITY 


Hn .liiMuiirv 'JH, Ni-a /fnl;inil *«at luiiul Air\\a\»‘ iN/NA*’! ri-porti-il a ;»riihU*m nf 

lii'lamiiial ion alon^ iho VonI h|iar ^kln mliTfaii- ol k|hiiI)-i‘ S N on.'iO 'I'lH 2 i. ’nw pani-l 
wan ronioM'd Jrom Iho ainralt Adililional iiiKpofiion adivity al N/NA<’ 
anolhcr Hpoilrr, S N iHiiiti whiili ■•xhihilnl a Kiiiiilar though Ichm sovori* (iflaiininatinn 
Itolh panoli Mon- roliirni'il to l(iM-in>4 lor ovaluation 



Fiqurfi 2. Del.imithition Resulting from Esfoluilion Cmrosion Uinler Skin 

Di-tailod I'xaminal ion of holh unitK rovcalcd that iht- fundanu-ntal prohli-in watt oni' of 
I'xfoliation corrottion id tho altnniniini spar clfincnt The corrosion coinini-nc«-d at the 
hin^i- filtinK spar Initt joint and progressed outhoard within tin* spar chord Kxpansion 
of the corroding aliit..iniiin v;eneraled the ex|>andin^ force which precipitated the skin 
delainination The c .oi.l n was contained c-nlirelv on ihe spar side of the adhc>sive 
honciline and no ec ideiice v\as fdiiiid to su(;^est that the presence of the graphite- skin 
accederated the ccirr.'sion No corrosion was round in the cc-ntc-r hiiinc* ritlin){ nor in the- 
aluniiniini core adiaceiit to the corroding spar I'he corrosion is attrihuled to intrusion of 
moisture through a crack in the sealant material and throu^’h a suspected delect in the 
MACartria surface pre|iaration Spoiler S N 1111*1(1 has heim removed from thc‘ program; 
S N IIOO!-* is he in(> evaluated further 

A i 1 eet survey was initiated to look for additional c-xamplc's of exidliat ion corrosion. To 
date, rc‘sponsc‘s covc*rinn (t.Ti of the spoilc-rs in .service have- not uncovered additional 
corrosion prohlems. 

An additional moisture corrosion investigation was undertaken IdllowiiiK the discovcTy 
of corrosion in the aluminum spar elements Spoiler S N i) 02 .*i. having hca-ii testcal to 
dc-siruc’tion follow ini> 2 years id' llinht-.sc‘rvice in llavsaii, was selc«<'ti‘cl for core corrosion 
exploration 'l'hi‘ lower skin element was peeled exte-nsively . hi'i'innin^ in the vicinity of 
Ihe center hiii^c* filling ifi^.'li. Minute exaniinat ion of the core' cells failc'd to idemtify 
any corrosion id' the* internal structural cdeiiieiits 



hgi/re 3 Core Corrosion E \,imm,ition of Slotic Test Spoilei S N OOPS 


S N (lO^A liail iucumiiliilcil .‘iTTiT Hi^’ht-litiurs and Ki J.'id landing's ovi-r a pi-riud id 
2 yi-ars tlinfit sitvhi- 

l A l U I KS I KKSl i;rs 


Muring thi* pi'mid July 2M. 15>7'> lhrml^;l^ Srplrmlu'i’ 21 . a lolal id’ ‘t f*pinli*rs suti* 

ri-iniivi‘d rriim tin- fliKlit-Krrvnv program fur l•valllalllm ti>Nl Tin* oixlli n-moval im 
srhfdtilcd for April 1H7H. Of spmliTw. all won* ri'jnepi-i-(i*d Uhinj; tin* NDI oilor 

('•Sian and tin* rnsnils coinpari-d to tin* original prodiulion t'-sian ri'i'ords for 
di'^radat ion. No dntni'taldr difli rr no *s wi-n* noti*d \shi*n coinparril to tin* original oilor 
scans. ’I'hrci* of thi* spoilers iM \ (ttl2.'». I>;»d7. andtllii!li wero then soirctod to bo 
dostriictivoly tostod to inoasnro ri'Milual static stront;tb following tin* specified calendar 
perioii of exposure Table I contains all (be data ri*lative to these retnmals. 

It is significant to note that all three spoilers destrui lively tested vielded residual static 
slrenuths urealer than the cortespondinn pari-niiinbeied units lesleil after 1 year of 


i: 


Tdhie 4. -Static Test Results 


Spoilei 
S N 




Static test results 

Time in 
service 

Fliqfrt 

hours 

Airliira 


% chartge 
strength 

% change 
stiffness 

00171 1) 

VP 

Clear 


Not tester! 

26 mon 
19 days 

3780 

00251 1) 

Aloha 

Clear 

260% 

r6"(. 

0‘<» 


3767 

00571 21 

LH 

Clear 

267% 

-11% 

•5% 


4481 

0074I-21 

PI 

(Removal in 
process) 


Not scherluled 
tor test 

— 

- 

00851 3) 

■ 

Clear 

- 


23 mos 
22 days 

4336 

01091 3) 

■ 

Cledr 

237% 



22 mos 
29 days 

3663 


iiervii’<>. FiKurt* 4 hHowh a plot of all teat data plotted aa a function of timt*. This data 
points out the potential acatter in the atren((th data bein^ collected, and at the same 
time definea a deKradation with time aignificantly lower than waa indicated hdlowinK 
completion of the first years teatm^ The teat failures of ihe second year spi'cimens are 
shown in fi({urea 5 throuKh 10. 


$ 


» 


Residual 

static 

strength 

ratio 



FAA Mm. 


.4 y- 


2h- 


O T300/5209 1 
□ T300/2544 
O AS/3501 


G.raphite/epoxy materials 


Calendar time in service, years 


Figure 4, — Residua! Static Strength of Graphite Epoxy Spoilers 
After Removal From Flight Service 
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Figiiio 6. Fouled Static Test Si»h imen S N 0025 
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Figurp 8 Fouled Static Test Specimen S N 00b7 
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si:rvk’k pkoblkms repairs 


Ah notfd in th<‘ Hpuilcr r«>movul Hcctiiui. iht* iiiaiurity of MTVirc prubIcmH iH'currcd in thf 
riid-fnd-indui'cil d«‘laminutionH on the Hpuilcr uppi-r nkin Hurfucc The repair of ihcMc 
dclaminationH ncicHHitatcd only the removal of the delaminated plieH, replaeement with 
wet prepri‘K of the 2.'»0" K Hynlem iNAKNU'O T.'Km) 520*)l and autiH'lave cure to ihi* 
reduied-preHHure cure eytle reipiired for MHond htune curing. The layup prenenled little 
prohlein an the delaminatioiiH ulwayn iKcurred over the internal O.tilHin aluminum 
douhler It’ N ()5-7()d27*l 1 1 which Herved an layup prennure plate to facilitate cure of the 
prepre((. A total of 24 repairs have iH-en accompliHhed in this manner with little 
difficulty and no rejectionH. The first repair accomplished lan in-pr(K‘ess repair on S N 
0014t did not employ adhesive film aloiiK the interface Iwlween the wet prepre^ and the 
curi‘d laminate. Suhse(|uent examination revealed incomplete honding aloiiK the 
interface evidenced h> raised Kfoups of fibers. The repair procedure was modified to add 
a 5-niil adhesive layer alon^ the interlace and co-cure with the wet prepre^. Kuhse(|uent 
examinations have rot disclosed additional hondlire repair failures. 

The first anniiul n’port (ref. I) discussed the repair of the spoiler S N 0024, which 
suffered a larKc lower surface delaminatioii due to a processiiiK error. The entire lower 
surface skin was replaced and the panel returned to service. Latest inspection reports 
on S N 0024 confirm trouble-free pi-rformance, S N 0024 is not scheduled for removal 
from service prior to the completion of the proKrani. 

A different type of prohleni occurred with panel S N 0112. The panel suffered puncture 
damage to the curved lower skin. HackKround information as to the source of the 
puncture was unobtainable. Since the damat^ed area hud no underlying structure such 
us was available for the rod-end blister repairs, a special, one-ply piece of laminate was 
prepared and cured on the skin tool, then placed in the prepared repair urea. This cured 
ply would serve as the first ply of the repair patch plus functioninK as the caul plate 
required to support the remaining wet prepreg layers. The total layup was then 
'•uccessful ly bugged and autoclaved. Kepuir of the honeycomb core cells was 
accomplished prior to repair of skin. 

An interesting situation developed on spoiler S N OlO.'i, I’ N B.'i-7H.’t27-.'i. 'Phis unit was 
returned by Aloha Airlines for repair of a second occurrence of a rod-end blister above 
the center hinge fitting. The repair was accomplished via the previously developed and 
now routine repair procedure. During the oven-drying cycle for the epoxy enamel finish 
(limited to 180" F (82" ('0 u triangular skin blister occurred outside the centei hinge 
fitting urea, the outline of which is shown in figure 11. The blisteri'd skin area 
subsequently removed and the part opened up as shown in figure 12. The extent of the 
damage to both the skin, the con*, and the subsurface -11 aluminum doubler precluded 
further repair and the assembly was scrapped. Investigation of the circumstances of 
drying the epoxy enamel finish ruled out the po.ssihility that the assembly had become 
overheated locally. The maximum temperature recorded in the drying room was 180" F 
(82"('i. Flatwise tension tests were run on successive cures of KA9fi28 to establish any 
degradation us a result of reexposure of the adh»*sive to repeated curing cycles. The 
tests showed little change in tension properties. 




Figure 1 1. Skin Blister -Up/Mfr Surface of S N 0105 


Thr fuiluri* hypolhcsiK a(iviuu-«‘<i for thi-Ht* cirtunistano*s in thal ihi- oriKinal adhonivt* 
cun' produced a Htn.tller than normal filletint; helwe<'ti ihe skin and ihe core within the 
ari'U »)f thi' triangular blister iri>{. I2i. These fillets were sulTicient to produce an 
acceptable response in tiu' ultrasonic ('-scan n'cordinjjs produced as part of the normal 
manufacturing se«|uence. Subsetjuent heating; and cooling strains were sufficient to 
eventually produce a failure in the filU't bonds. 

Corrosion on -22 doublers previously reported (p. IH. ref It has b«'en assessed us routine 
oxidation of unprotected aluminum all«>y. F’roce.ssinj; records substantiate phosphoric 
anodize treatment and corrosion-inhihititiK primer application With proper processing. 
th«‘ logical hypothesis necessarily indicates damage to the protective surface prior te» 
application of the enamel finish, and most probably during abrasion of the surface 
conditioning coaling a|>|)lied under the epoxy enamel finish. No additional examples of 
this type of corrosion have been reported 
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Fiqtiro 12. Spoilt-r S N 0105 With Si-rtion of Upptr Skin Romovod 


KKi’AiK ros rs 


< onlimiiilinn o( ih. n pair in livil\ <i.-si i iIm .I m the CirM anntial rr|)(irl irrf |i |»ror«-c(lcd 
llin.iiKh Ihi- mnior part ilii.s ^l•p(.rntl^• pi riod and wa.» (■umpl. trd nn I )< n-ml.i-r a. IHTfi, 
Ihn direct charge system .,r cost acc.mntin« alreadv m use at th.' AiiJ.urn rahncation 
lacility cmiimiied to track man hour msts associated \Mth each repair As hefore each 
unit was id.mtiCie.l the rejection ta« serial n.imher to alentiK charyes Cor each 

unit lablea jjives th.' I.reakdown ol the repair e.urs acnjimilated Cor each repair 
reported No material costs have h.-eii included n this accounting as ihev were 
considen-d to Ik- insiKniCicai.t Those units prev.ousls nyorte.l ,reC I. are not mclud.d 
in table a. 

Kach spoiler repair was individually prepare.l and tailore.l to the sPiiatioii presented 
No attempt was made to automate ih. techm.pies nor to shortcut the pnaedutes based 
on prior similar circumstances, sim.- addr<'ssin« repair firohleins is hevond ti.e scop.- of 
this prt>nram 


l‘» 
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Table 5 - Repair Cost Data (Man Hour ChargesI 


Spoilet 

wfisl 

oumt>cr 

AiiImm! 

Fit.al 
astern hi y 

Detail 
astern hi V 

Profiuction 

control 

Painting 

& 

finiihing 

Total 

0012 

Lofiliama 


30 



30 

0015 

VASP 

- 

4 4 

- 

6 1 

105 

0018 

VASP 

0.2 

163 

0.1 

2 7 

19.3 

0021 

LuflhanM 

63 

130 

- 


19 7 

0026 

Aloha 

2.9 

130 

- 


15 0 

0032 

Piedmont 

- 

136 

- 


136 

003b 

Piedmont 

- 

12.0 

- 

82 

20 2 

0036 

Piedmont 

2.8 

16 8 

- 

83 

27 9 

0048 

Aloha 

53 

11.1 

- 

- 

164 

0059 

VASP 

- 

18 1 


66 

24 7 

0083 

Lufthaitia 

- 

12.3 

0.2 

54 

17 9 

0084 

Lufthaitta 

02 

11.3 

- 

.3.5 

150 

0087 

New Zealand 

- 

14 5 

- 

6 1 

20 6 

0091 

Aloha 

28 

23.7 

03 

7 2 

34 0 

0093 

Piotiniont 

- 

6.0 

- 

7.3 

142 

0105 

Aloha 

— 

33.5 

- 

7.1 

409 

0112 

Lufthansa 

- 

284 

- 

6 1 

34 5 

Total 

20 5 

251.9 

06 

fmm 

3476 

Average 

1.2 

14.8 

004 

44 
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ALL-COMPOSITE (TASK II) SPOILERS 

The last publiaheci program quarterly report (ref. 2 Hth quarterly) dii>;uHHed the 
fabrieation and qualification elTorta of the all-rompoHite task II 8p«iiler iP N 65-7H33U-1). 
The events and circumstances culminating in the certification of the all-composite 
spoiler will be dm'uniented in the manufacturing and test report. All information 
relative to incorporation of these spoilers into the flight-service evaluation program will 
b«* included with the established flight-service annual n*ports. 

The initial introduction of the task II spoiler into the flight service program occurred on 
I)ecemb«*r 18, 1975. Alohu Airlines installed unit S N 0308 on aircraft N73711 in the 
RH outboard position trcf. 2, 1st quarterly, p. 15). Figure 13 il'ustrates the spoiler 
following installation, The second Aloha installation was accomplished on 
•January 7, 197H when S N 0.307 was installtnl in the RII outboard position on N73715. 
Subsequent installations are planned in the second quarter of 1978, with each 
participating airline deploying two task II spoiler units. If necessary, task I spoiler 
units will be remov«*d to provide mounting positions for the new spoilers. 
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Figure 13. Institlluhnn of Fust AH Composite (Task II) Spoiler on Aloha N7371 1 



Ah *.f Ffbruiirv 2H. 1W7<>. thrw iwo NpoiliTM had amamilatiMi a total of r»ir) fliKht-hourH 
and IdHIi landin^h. It Ik plann<-d that ta^k II Morviro I'lkpi'rictu'i' roportH will hi- 
Hi‘parat(‘ly idi-ntifii-d from tahk I i-xpi-rii-iu-i-, Mith the total proKrum i-xpi-rii-ncr 
oxpri Hh.-d an thi- num of tank ' d tank II. 

GROUND BASKI) KNVIKONMKNTAI. SKRVICK 


('oni-urn-nt with thi- nif'lit-ni-rvii'i- i-valuation proKrani of thi- fliftht .spoili-rH. npi-cinii-mi 
of thf namr i-ompohiti- m<*'*-rial HyKti-iiin an* hi-iriK Huhji'i-ti-d to loii); ti-rm i-nvironnu-nttil 
i-xpi>Huri-H at thi- mait< ti-riniimlH of fivi- of thi- partiripatiii); airlini-n and at thi- 
NASA-Lan^li-y Ri-si-arih <'i-nti-r. I'hi-n- an- no i-xponun- facilitii-n liH-atcd at i-ithi-r 
Winnton-Sali-m N. ( I’ii-dmont ) nor at Di-nvi-r, t’olo < Front ii-ri. Thi- facility in San 
l)ii-Ko, Calif, <PSA> continui-n in opi-ration, i-M-n though PSA no lon^i-r in an activi- 
participant in thi- flight -Hi-rvii-i- prottrarn 

F'l-riodic n-moval and ti-nlh of thi- i-xposi-d npi-cimi-nn an- hi-inn pi-rforini-d to di-ti-rniini- if 
thi- inati-rial propi-rtii-n an- hi-in^ di-);radi-<l by ^niund-hani-d i-xpontin- and to providi- 
corri-lation with ihi- static sin-noth ti-sis of spoili-rs n-movi-d from fliuhl si-rvici-. 

Thi- schi-duli- for ri-moval of spi-ciim-ns from thi- i-xposun- rack assi-mhiy has hi-i-n 
tnodiTii-d during; thi- past yi-ar Thi- si-cond yi-ar n-inovals havi- hi-i-n di-layi-d to thi- third 
yt-ar to facilitate i-xti-nsion of the total i-xposun- schi-duli- from S yi-ars to 10 yi-ars. 
OfTicial i-xti-nsion n-mains to hi- m-Koliati-d hut tin- di-lay in n-moval Mas ni-ci-ssary to 
pn-si-rvi- I hi- availahli- i-xposi-d spi-ciini-ns. 


:i 


Sp«-(ini«*na wen* n‘movt*d from th*' NASA>l^ngii>y oxpoNur** rack following 2 y«‘ar« of 
«‘xp4Hiuri‘, weighed and returned to the rack. The weight change data acquired from 
theiM> apecimena haa b«‘en plotted wi*h the data arquinnl fnim the l>year apecimena and 
la plotted in rigun- 14. The data la quite aignifirant and ahowa a alrong trend toward 
atuhilizing the change of compoaite weight due to moiature abaorption. Thia trend 
should he further defined when the 3>year data ia aaaembled late in IU7ti. 



Figure 14. -Moisture Pickup m Exposed Epoxy Matrix Laminates 
(Langley Research Centerl 


First year expoaure data from Sao Paulo, Brazil haa been rollectt*d and tabulated. The 
data is presented in tables 6, 7, end 8, which are similar to tables H, 7 and 8 of 
reference 1. These tables are now complete for the l*year environmental data report. 
The plots of strength retention have b«>en similiarly completed for the first year and are 
shown in figures 15, IH, and 17. 



Tattle B.-Results of Ground BasmI Envirormiental Expoutre on Graphite Epoxy 

Mei:hanical Profterty Test Spm:umns-Short-Beam Interlaminar Shear Tests 

t 


Expotufi 

Exposure 

Graiihite efwxy 
material 

Av failure 

Numfier 

of 

— 

Ay failure 
stress 

Ay wt change 

time, yr 

location 

system 

MPa 

kti 

grams 

g 

MMNTimens 

0 (hatalii.t) 


T300 5200 

6 

77 

m 


M 

1 


T300. 5200 

2 

78 

■ttl 

♦00042 


1 


T 300 5200 

3 

78 

11.3 

♦0 0034 


1 

New Zealand 

T300/6200 

3 

81 

11.7 

♦ 0 0030 

♦0 50 

t 

Germany 

T3005200 

3 

72 

10 4 

♦ 0 0032 

*0.44 

1 

California 

T300'5200 

3 

78 

11.3 

•0 0042 

♦0 53 

1 

LaHC* 

(painted 

specimens) 

T300/6200 

3 

81 

11.7 

♦00020 

♦0 34 

1 

Brazil 

T300 6200 

3 

74 

10 7 

♦0 0040 

♦0 60 

0 lhawriinel 

LaRC 

T300/2544 

4 

81 

no 

«• 

■■■ 

1 

LaRC 

T 300 2544 

3 



♦0 0082 


1 

Hawaii 

T 300/2544 

3 


■9 

*00067 


1 

New Zealand 

T 300 2644 

3 


■9 

♦00075 


1 

Germany 

T 300 2644 

3 

73 

HI 

♦0 0066 


1 

California 

T300/2544 

3 

74 

10 8 

*00071 


1 

LaRC" 

(painted 

specimens) 

T300/2544 

3 

80 

11 6 

♦00063 

*0 84 

1 

Bra/ll 

T300 7544 

3 

70 

10.1 

*00107 

♦ 1.60 

0 (baseline) 

LaRC 

AS 3601 

6 

87 


— 

MM 

1 

LaRC 

AS/3601 

3 

86 

rngm 

♦ 0 0050 


1 

Hawaii 

AS '3601 

3 

80 

12.0 

♦0 0045 

•0.72 

1 

New Zealand 

AS 3501 

3 

85 

12 4 

♦ 0 0051 

♦0 84 

1 

Germany 

AS '3501 

3 

78 

11.3 

♦ 0 0057 

♦0.02 

1 

California 

AS/3601 

3 

84 

12.2 

♦0 0058 

♦0 89 

1 

LaRC" 

(painted 

specimens) 

AS/3501 

3 

02 

13.4 

♦ 0.0034 

♦0.48 

1 

Brazil 

AS '3501 

3 

81 

11.8 

*0 0056 

♦094 


^Painted tpeciment ware fully coated with a polyurethane-hated enamel over a calcium chromate 
pnnPSf prior to expoture at the Langley site. 
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Table 7. Results of Ground Basm! Environmental Exposure on Graphite Epox\ 
Mechanical Property Test Specimens Compression^ Tests 




eiHJxy 

Mumfier 

Av failure 
stiass 

Av flex, 
modulus 

Av wt change 

Exjiosure 
time, yr 

Exposure 

location 

mdten«l 

of 

^O0c*:nffni 

MPa 

l(li 

GPa 

fx 106 ) 

gr ami 

D 

Of baseline) 

LaRC 

T300/B209 

•« 

1529 

221.Q 

103.8 

15 05 


■91 

1 

LaRC 

T300/5209 

3 

1429 

207.3 

990 

14 36 

♦ 10 0070 


1 

l-law3ii 

T300/5209 

3 

1478 

214.4 

108 1 

15 68 

♦0 0052 


1 

New Zealand 

T 300 5209 

3 

1548 

224.5 

107.4 

16 58 

♦0 0056 

♦0.27 

1 

Germany 

T 300/6209 

3 

1476 

214.0 

98 9 

U.34 

♦0 0069 

♦0 32 

1 

California 

T300/5209 

3 

1478 

214.4 

107.7 

15 62 

♦0.0091 

♦0 41 

1 

LaRC*’ 

fpainted 

specimens) 

T300/6209 

3 

1470 

213 2 

106 8 

1549 

♦ 00073 

♦0.30 

1 

Bia/il 

T300/B209 

3 

1488 

2159 

103.2 

14 97 

♦0.0082 

♦037 

Ofiraselinel 

LaRC 

T300/2544 

5 


212.0 

M 


— 

— 

1 

LaRC 

T300/2544 

3 

1444 

209.4 

RSI 

KM 

♦0.0092 

♦0.60 

1 

Hawaii 

T300/2544 

3 

1469 

213.0 

107.3 

15 56 

0.0031 

0 18 

1 

New Zealand 

T300/2544 

3 

1580 

229.1 

109.4 

1586 

♦0.0063 

♦0.34 

1 

Germany 

T300'2544 

3 

1597 

231.6 

107.6 

15 60 

♦0 0120 

♦0.62 

1 

California 

T300/2544 

3 

1637 

222.9 

107.6 

15.59 

♦0 0162 

♦0.81 

1 

LaRC*’ 

Ipeiiited 

specimens) 

T300/2544 

3 

1603 

232.5 

1118 

16.21 

♦0.0138 

♦0.66 

1 

Bra/ll 

T300/2r44 

3 

1515 

219.7 

107.5 

15.60 

♦0.0132 

♦ 0.69 

Of baseline) 

LaRC 

AS/3501 

5 

1449 

210.1 

94.7 

13.73 



1 

LaRC 

\S/3501 

3 

1447 

209.8 

98 3 

14.25 

♦0.0080 

♦043 

1 

HaiAaii 

AS/3501 

3 

13C8 

202.7 

96.7 

14.03 

♦0.0052 

♦0.28 

1 

New Zealand 

AS/3501 

3 

1620 

220.4 

100 5 

14.57 

♦0.0070 

♦0.41 

1 

Germany 

AS/3501 

3 

1528 

221.6 

96.1 

13.94 

+0.0102 


1 

California 

AS/3501 

2 

1518 

220.2 

100.1 

14.52 

♦0.0142 


1 

LaRC*’ 

(painted 

specimens) 

AS/3001 

3 

1638 

237.6 

99.8 

14 48 

♦ 0.0087 


1 

Brazil 

AS/3501 


1672 

228.0 

101.4 

14.71 


= 0.54 


“Flexure specimem were fabricated from laminates t*’ '»!/ orientations identical to spoiler 
orienta*'on. Specimen length is oriented in the 90° direction of the laminate. 

^Paintet. >pecimens were fully coated with a polyurethane-based enamel over a calcium chromate 
primer prior to e.-.posure at tfie Langley site. 
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Table 8. Results of Ground Basetf Environmental Exposure on Graphite Epoxy 
Mechanical Profierty Test Specimens -'Compression^ Tests 


Ex|Kia'jr0 
:*m«, V' 

Ex(M)sure 

location 

Graiihite epoxy 

Numtwr 

rkf 

Av failure 
stress 

Av wi change 

system 

^>erimens 

MPa 

k$i 

qr am« 

a 

0 (liaseline) 

LaRC 

T 300 5200 

3 

712 

103.2 



1 

LaRC 

T300 5209 

3 

760 

110.3 

*0 0494 

*061 

1 

(Hawaii 

T300'5209 

3 

676 

98 1 

*00556 

*0 70 

1 

New Zealand 

T300 6209 

3 

647 

93.8 

♦00551 

♦071 

1 

Germany 

T300 5209 

3 

709 

102.8 

♦0 0389 

*049 

1 

California 

T300 5209 

3 

716 

103.9 

♦0 0588 

♦0 74 

1 

LaRC'* 

T300 5709 

3 

654 

94.9 

♦0 0361 

♦045 

1 

(painted 

specimens) 

Brazil 

T300 6209 

3 

710 

103.0 

♦0 0658 

♦0.82 

0 (baseline) 

LaRC 

T300 2544 

4 

1029 

IQBi 

— 

mgm 

1 

LaRC 

T300'2544 

3 

985 

IBS 

♦0.0544 


1 

Hawaii 

T 300 2544 

3 

988 

IBS 

♦0 0636 


1 

New Zealand 

T300 2544 

3 

865 


^0.0723 


1 

Germany 

T300'2544 

3 

1022 

loll 

♦00497 

♦0.70 

1 

California 

T300 2544 

2 

1031 

149.6 

♦0 0560 

♦0.78 

1 

LaRC'* 

T300 2644 

3 

1018 

147.7 

♦0 0521 

♦0.74 

1 

(painted 

specimens) 

Brazil 

T300 2544 

3 

974 

141.2 

•0 0935 

♦ 1.34 

0 (baseline) 

LaRC 

AS/3501 

5 

1107 

160.6 

— 

— 

1 

LaRC 

AS/3501 

3 

1045 

151.6 

♦0 0440 

♦0.68 

1 

Hawaii 

AS '3501 

3 

1080 

156.6 

♦ 0.0461 

♦0.69 

1 

New Zealand 

AS/3501 

3 

1002 

1454 

♦0 0493 

♦0 74 

1 

Germany 

AS, '3501 

3 

1161 

168 4 

♦ 0.0374 

♦0.57 

1 

California 

AS/3501 

3 

1105 

160.2 

♦0 0531 

♦0.81 

1 

LaRC*’ 

AS '3501 

3 

1144 

165.9 

♦0.0384 

♦0.58 

1 

(painted 

specimens) 

Brazil 

AS/3501 

3 

1048 

152.1 

♦0.0611 

♦0 92 


^Compression specimens were fabricated from laminates with ply orientations identical to spoiler skin 
ply orientation. Specimen length is oriented in the 90° direction of the skin laminate. 


I u 

I • Painted specimens were fully coated with a polyurethane based enamel over a calcium chromate primer 

I prior to exposure at the Langley site. 
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Figun 15. Interlaminar Shear Strengths of Graphite-Epoxy Composites 
After 1 -Year Outdoor Ground Exposure 



2 is T3< 

3 IS AS 
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Figure 16 .-Flexure Strengths of Graphite- Epoxy Composites 
After 1-Year Outdoor Ground Exposure 


1 is T300 5209 

2 is T300 2544 

3 is AS 3501 



ojiej uoitusiai qiSuaJis 


28 


Figure 17. -Compression Strengths of Graphite-Epoxy Composites 
After 1-Year Outdoor Ground Exposure 
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